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Fig. 2. Influence of the stiffness
constant cij on the dispersion curves
for symmetric mode waves
propagating at 45° to the fingers.
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SYMMETRIC PLATE WAVE IN A FIBER-REINFORCED COMPOSITE LAIMIhTATE

a) Exact Linear EIastic Solution

Alcot((ldz) 4 A2cot(@h) + A3cot(@@ = O

I

I

(2)



when frequency times thickness tends to zero, i. e OH + O

or

+

+

+
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+

+
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[(2a1a2a3b1b2 - 2a~b1bz-4aza3aab1b2 + 2afa5b1b2 - 2a1a2b3

a~b3 L 4azadb3 ‘ + 2aza3ahb1b3 + a1a2a5b1b3 – 2azada5b, b3-  
a3a5u3

2aza3adb2b3 + a1aza5bzb3 - 2a2ada5b2b3)nfn~

‘ 2cz3a4bJ75pv’2(2a,a3@1b2 – ~a3G4a5b1~2

[(-a1a2a3b1b2b3  +  a~b1bzb3 -  2a:a5blbzb3 4  a3a:blbzb3)nl?

(-2a1a3b1b2 + 4a3adb1b2 -L a1b3 - 2adb3

2a3abb1b3 - a1a5blb3 + 2ada5b1b3 - 2a3adb2b3 - ala5b2b3

+ 2a4a5b2b3 – a1a3a5b1b2b3

+ 2a3aaa5b1b2b3 + a1afb1b2b3 – 2a4a~b1bzb3)n~] (p V*)2

+ a1a3b1b2b3(p V2)3

(3j

(4)



(q -  b2)(pv2-c55n:)(pv2 - Clln:)sw)ti ~~, @ = o

~(cl, nl, ~z) ‘(-c&55  +  cIlc22c55)nf
(-2c;zc22 +  cllc;z +  2c:zc~3 -  C~~C;3-2cIZcZZc55  +  2clzcz3c55)n:n:

+ (C2;C55  -
c;3c55)~;

+ [(C:2 -c: :C22 -C22C55)TZ  : +( -C;2  + C:3 -c22c55)n3 P @ + CZJ3 V4

~(cij, nl, n2) = O represents the dispersion equation of the limit of the lowest symmetric mode.
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APPROXIMATE PLATE THEORIES

Classical plate theory

..*L  s-
W llel e

= c,,?,, ,, -C1;IC22,. . .

A
C22 = C22 -C:31C22

A

C12 =  C12 -C12C231C22

,.
’55 = C55

=0 (12)

(13)



Shear Deformation P1ate Theory

u, =

‘2 =

U3 =

Assume plane wave solutions of (21) in the form
~ i(kp,  .  92 -@f)

u;= Ule
O  i(k[x,  + &2 -f-d)

u;= U7e

Vq = y3e ‘(k’” ‘ ‘2 - ‘f)

where kl, k2 and k~ represent the wavenumbers along the XI, Xz and X3 directions, respectively, and u is the circular frequency.

-(42 +’455)4\ -(A55k;+A22@ +@2 iA2~k2 ~ =

iA12k1 iA2~k2 D55k: ‘D4~2 +/422 +@2 ~i

(16)
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EXPERIMENT & RESULT

A [0]16 12 x 12 cmz unidirectional graphite/epoxy plate is used in the experiment.

Cll = 155.01, C12 = 6.44, C22 = 15.6, C23 = 7.89, c~~ = 5.00 (Gpa).
p = 1.56 g/cm3.

Group velocity V,

v=-=e asvav
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● The phase and group

. .

CONCLUDING REMARKS

● A com~arlson between

velocity of symmetric plate waves is analyzed.

gqiiii epoxy is
measured and calculated group velocity for a unidirectional

presented.
.

● The agreement of the results yield the validity of the characterizing the elastic
constants from measured low frequency extensional mode group veIocity  data.

● The influence of aH five stiffness constants on the dispersion curves of
plate waves was
influence on the

symmetric
theoretically investigated. All but C,2 were found to have an
dispersion curves in this frequency range.


